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(57) ABSTRACT

A mobile apparatus obtains a posted data set of a social
networking service. The mobile apparatus generates an aug-
mented reality image by superimposing, on a captured image,
an icon representing a posted data set posted in an objective
capturing range of a camera, based on a posted location of the
posted data set, a vehicle location of a vehicle, and a direction
of an optical axis of the camera. The mobile apparatus trans-
mits the generated augmented reality image to a vehicle-
mounted apparatus. The vehicle-mounted apparatus displays
the received augmented reality image on a display. Thus a
user who sees the vehicle-mounted apparatus can instinc-
tively understand the posted location of the posted data set.

13 Claims, 15 Drawing Sheets
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DISPLAY SYSTEM THAT DISPLAYS
AUGMENTED REALITY IMAGE OF POSTED
DATA ICONS ON CAPTURED IMAGE FOR
VEHICLE-MOUNTED APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a technology for displaying images
in a vehicle.

2. Description of the Background Art

Conventionally, a vehicle-mounted apparatus, such as a car
navigation apparatus, is capable of providing a user with
timely information of a vicinity of a vehicle, such as traffic
information, by obtaining information provided by, for
example, VICS (Vehicle Information and Communication
System) (registered trademark in Japan).

Moreover, recently, a vehicle-mounted apparatus that dis-
plays a posted content of posted data posted on a social
networking service (SNS) such as twitter (registered trade-
mark) is also known. The user of such a vehicle-mounted
apparatus can obtain a variety of timely information, not
limited to predetermined items such as traffic information.
For example, the user can confirm a state of congestion in an
arbitrary place.

Meanwhile, the conventional vehicle-mounted apparatus
compatible with a social networking service displays a posted
location at which the posted data has been posted, on a two
dimensional (2D) map image. In such a display style, there is
a case where the user has a difficulty to understand a relation
between a real view from the vehicle and the posted location
of the posted data.

SUMMARY OF THE INVENTION

According to one aspect of the invention, a display system
includes a vehicle-mounted apparatus for being mounted on a
vehicle and a portable mobile apparatus configured to com-
municate with the vehicle-mounted apparatus, the display
system comprising: a camera that generates a captured image
of a vicinity of the vehicle; a location obtaining part that
obtains a vehicle location of the vehicle; a direction obtaining
part that obtains a direction of an optical axis of the camera;
a data obtaining part that obtains a posted data set of a social
networking service; a generator that generates an augmented
reality image by superimposing, on the captured image, an
icon representing the posted data set posted in an objective
capturing range of the camera, based on a posted location of
the posted data set, the vehicle location, and the direction of
the optical axis; and a display, included in the vehicle-
mounted apparatus, that displays the augmented reality
image.

The augmented reality image generated by superimposing,
on the captured image that shows a real view of the vicinity of
the vehicle, the icon representing the posted data set posted in
the objective capturing range of the camera that has generated
the captured image, is displayed on the vehicle-mounted
apparatus. Thus, a user who sees the vehicle-mounted appa-
ratus can instinctively understand a posted location of a
posted data set.

According to another aspect of the invention, the camera is
included in the mobile apparatus, and the display system
further includes a holder that holds the mobile apparatus in
the vehicle such that the camera generates the captured image
of the vicinity of the vehicle.

An image of the vicinity of the vehicle can be generated by
the camera included in the mobile apparatus.
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2

According to another aspect of the invention, the display
system further includes a line setting part that sets, in accor-
dance with a user operation, a standard line serving as a
standard for a position in a vertical direction for superimpos-
ing the icon on the captured image.

Since standard line serving as a standard for a positionin a
vertical direction for superimposing the icon can be set,
regardless of a position or a lean of the mobile apparatus fixed
to the vehicle, the icon can be placed at an easy-to-see posi-
tion.

Thus, an object of the invention is to enable a user who sees
a vehicle-mounted apparatus to instinctively understand a
posted location of a posted data set.

These and other objects, features, aspects and advantages
of' the invention will become more apparent from the follow-
ing detailed description of the invention when taken in coop-
eration with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an outline of a display system;

FIG. 2 illustrates an outline of a function of the display
system,

FIG. 3 illustrates a configuration of the display system;

FIG. 4 illustrates an outline of a SNS;

FIG. 5 illustrates an example of a posted data set;

FIG. 6 illustrates an example of an augmented reality
image;

FIG. 7 illustrates posted locations of posted data sets;

FIG. 8 illustrates a relation between a distance to a posted
position and an off-set amount;

FIG. 9 illustrates a relation between a distance to a posted
position and a displayed size;

FIG. 10 illustrates an example displayed on a display of a
mobile apparatus;

FIG. 11 illustrates a setting screen;

FIG. 12 illustrates a line adjustment screen;

FIG. 13 is a drawing for explaining adjustment of a stan-
dard position;

FIG. 14 illustrates flowcharts of basic processes imple-
mented in the display system;

FIG. 15 illustrates an example screen displayed on the
display of the mobile apparatus being disconnected; and

FIG. 16 illustrates an example screen displayed on the
display of the mobile apparatus being disconnected.

DESCRIPTION OF THE EMBODIMENTS

Embodiments of the invention are explained below with
reference to the drawings.

<1. System Outline>

FIG. 1 illustrates an outline of a display system 10 in this
embodiment. The display system 10 includes a vehicle-
mounted apparatus 2 that is mounted on a vehicle 9, such as a
car, and a mobile apparatus 3 that is configured separately
from the vehicle-mounted apparatus 2.

The vehicle-mounted apparatus 2 is an electronic appara-
tus that is mounted and fixed in a cabin of the vehicle 9. The
vehicle-mounted apparatus 2 is, for example, a navigation
apparatus that includes a navigation function of providing a
route leading to a destination set by a user. The vehicle-
mounted apparatus 2 includes a display 25 that displays a
variety of images. The vehicle-mounted apparatus 2 is dis-
posed at a location, for example, in a dashboard located in a
front portion of the cabin of the vehicle 9, where the user in
the vehicle 9 can easily see a screen of the display 25.
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On the other hand, the mobile apparatus 3 is, for example,
a mobile electronic apparatus, such as a smartphone. When
being used as a part of the display system 10, the mobile
apparatus 3 is fixed, for example, on the dashboard or wind-
shield of the vehicle 9, by using a holder 12 that holds the
mobile apparatus 3. The holder 12 does not permanently fix
the mobile apparatus 3, but the mobile apparatus 3 can be
removed arbitrarily from the holder 12.

The mobile apparatus 3 includes a camera 32 that generates
a captured image of a subject, on a principle surface of a back
side of the mobile apparatus 3. Since the mobile apparatus 3
is fixed to the vehicle 9 by the holder 12, an optical axis of the
camera 32 faces a front direction of the vehicle 9. As a result,
the camera 32 generates the captured image of a vicinity of
the vehicle 9 that is a front of the vehicle 9, and the captured
image shows a real front view in front of the vehicle 9 at a
similar point of view of a driver of the vehicle 9. Moreover,
when the mobile apparatus 3 is disposed as mentioned above,
a screen of' a display provided on a principle surface of a front
side of the mobile apparatus 3 faces an inside of the cabin.
Therefore, the user in the vehicle 9 can also see the screen of
the display of the mobile apparatus 3.

The user in the vehicle 9 can see both displays of the
vehicle-mounted apparatus 2 and the mobile apparatus 3.
However, generally, a size of the display of the vehicle-
mounted apparatus 2 is larger than a size of the display of the
mobile apparatus 3. Moreover, the display 25 of the vehicle-
mounted apparatus 2 is generally disposed at a location
appropriately visible from a driver seat of the vehicle 9. Thus
the driver of the vehicle 9 preferentially sees the display 25 of
the vehicle-mounted apparatus 2 over the mobile apparatus 3
to obtain the variety of information from the display 25.
Naturally, it is possible for the driver of the vehicle 9 to obtain
the information by seeing the display of the mobile apparatus
3. On the other hand, a passenger in a front passenger seat of
the vehicle 9 can obtain the information by seeing the displays
of the vehicle-mounted apparatus 2 and the mobile apparatus
3 equally.

The vehicle-mounted apparatus 2 is connected to the
mobile apparatus 3 via a signal cable 11 that is a composite
cable capable of transmitting both a data signal and a video
signal. Therefore, the vehicle-mounted apparatus 2 and the
mobile apparatus 3 are capable of mutually transmitting and
receiving data to/from each other via the signal cable 11.
Moreover, the mobile apparatus 3 is capable of continuously
transmitting images each of which serves as a frame of the
video signal, in a predetermined cycle, to the vehicle-
mounted apparatus 2 via the signal cable 11. Thus, the display
25 of the vehicle-mounted apparatus 2 is capable of display-
ing the image transmitted from the mobile apparatus 3 to the
vehicle-mounted apparatus 2.

Furthermore, the mobile apparatus 3 has a communication
function of communicating with a communication apparatus
connected to anetwork 8, such as the Internet, via the network
8. The mobile apparatus 3 is capable of communicating with
a server apparatus 4 that provides a social networking service
(hereinafter referred to as SNS"), such as Twitter (registered
trademark).

FIG. 2 illustrates an outline of a function of the display
system 10. The mobile apparatus 3 generates an augmented
reality image AP by using an AR (Augmented Reality) tech-
nology. In other words, the mobile apparatus 3 generates the
augmented reality image AP by adding various types of infor-
mation to the captured image that shows a real view in front of
the vehicle 9 generated by the camera 32.

The mobile apparatus 3 obtains, from the vehicle-mounted
apparatus 2, guiding information relating to the navigation
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function that provides route guidance to the destination as
information that is added to the captured image. Moreover,
the mobile apparatus 3 obtains a set of posted data (posted
data set) posted to the SNS, from the server apparatus 4 via the
network 8. The mobile apparatus 3 generates the augmented
reality image AP by superimposing an icon, etc. based on the
guiding information and the posted data set, on the captured
image.

The mobile apparatus 3 transmits the generated augmented
reality image AP to the vehicle-mounted apparatus 2. The
vehicle-mounted apparatus 2 receives the augmented reality
image AP from the mobile apparatus 3 and displays the
received augmented reality image AP on the display 25. The
vehicle-mounted apparatus 2 displays the augmented reality
image AP and a map image MP that shows a map of the
vicinity of the vehicle 9 for the navigation function, on a same
screen of the display 25 side by side. As shown in FIG. 2, the
screen of the display 25 is divided into right and left sides. The
map image MP is displayed on one side, and the augmented
reality image AP is displayed on the other side.

The augmented reality image AP is repeatedly generated in
a predetermined cycle (e.g. Yo sec.). The continuously gen-
erated augmented reality image AP is transmitted to the
vehicle-mounted apparatus 2 as the frame of the video signal
and is displayed on the display 25. Therefore, the augmented
reality image AP displayed on the display 25 of the vehicle-
mounted apparatus 2 shows the real view of the front of the
vehicle 9 in substantially real time. By seeing the display 25
of the vehicle-mounted apparatus 2, the user of the display
system 10 (especially the driver of the vehicle 9) can confirm
the real view of the front of the vehicle 9 along with the map
of' the vicinity of the vehicle 9. Moreover, the user can under-
stand a variety of information relating to the guiding infor-
mation and the posted data set from the icon, etc. included in
the augmented reality image AP.

Moreover, when being connected with the vehicle-
mounted apparatus 2 as described above, the mobile appara-
tus 3 does not display the augmented reality image AP on a
display 35 of the mobile apparatus 3 but displays a window 50
that shows a concrete posted content of the posted data set, an
operation button (command button) 51 that receives a user
operation, etc. The augmented reality image AP does not
include such a window 50 or such an operation button 51.
Therefore, the posted content of the posted data set and the
operation button 51 are not displayed on the vehicle-mounted
apparatus 2.

As described above, in the display system 10, information
displayed on the vehicle-mounted apparatus 2 and informa-
tion displayed on the mobile apparatus 3 are different from
one another. Thus both screens of the vehicle-mounted appa-
ratus 2 and the mobile apparatus 3 can be effectively used, so
that it is possible to provide a variety of information to the
user. Moreover, since not being displayed on the vehicle-
mounted apparatus 2, the posted content of the posted data set
and the operation button 51 do not interfere with displaying of
the augmented reality image AP on the vehicle-mounted
apparatus 2 which the driver of the vehicle 9 sees mainly. A
configuration and a process of the display system 10 are
hereinafter explained in detail.

<2. System Configuration>

FIG. 3 illustrates the configuration of the display system
10. A configuration of the vehicle-mounted apparatus 2 is
illustrated on a left side of FIG. 3, and a configuration of the
mobile apparatus 3 is illustrated on a right side of FIG. 3.

The vehicle-mounted apparatus 2 includes a controller 20,
a GPS part 23, an azimuth sensor 24, the display 25, an
inter-apparatus communication part 26, an image receiver 27,
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and a storage 28. The controller 20 includes a CPU, a RAM,
a ROM, etc. and is a microcomputer that controls an entirety
of the vehicle-mounted apparatus 2.

The GPS part 23 obtains a location of the vehicle-mounted
apparatus 2 at a current time point by receiving signals from
GPS satellites. Since the vehicle-mounted apparatus 2 is
mounted on the vehicle 9, the GPS part 23 obtains a vehicle
location that is a location of the vehicle 9 at the current time
point. The vehicle location is represented in a longitude and a
latitude. Moreover, the azimuth sensor 24 obtains an azimuth
of' the front direction of the vehicle 9, based on earth magne-
tism, etc.

The display 25 includes, for example, a liquid crystal
panel, and displays the variety of information.

The inter-apparatus communication part 26 transmits and
receives data to/from the mobile apparatus 3 via the signal
cable 11 in a predetermined communication method. The
inter-apparatus communication part 26 transmits the guiding
information relating to the navigation function of providing
the route leading to the destination, to the mobile apparatus 3.
The guiding information includes a destination location, a
turn direction at a next guidance point where guidance is
provided on the route, a distance to the next guidance point,
etc. The destination location is represented in a longitude and
a latitude.

The image receiver 27 receives the video signal from the
mobile apparatus 3 via the signal cable 11. The augmented
reality image AP generated by the mobile apparatus 3 is
included in the video signal in a predetermined cycle.

The storage 28 is, for example, a nonvolatile memory such
as a flash memory, and stores a variety of information. The
storage 28 stores a program 28a and map data 284. The CPU
in the controller 20 implements an arithmetic processing in
accordance with the program 28a stored in the storage 28.
Thus various functions are implemented in the controller 20
by software. A navigation part 20a and a display controller
205 shown in FIG. 3 are a part of the functions implemented
by software when the program 28a is executed.

The navigation part 20a implements the navigation func-
tion of providing the route guidance to the destination. The
navigation part 20a supplies the guiding information to be
transmitted to the mobile apparatus 3 from the inter-apparatus
communication part 26. The navigation part 20a generates
the map image MP that shows the map of the vicinity of the
vehicle 9, based on the map data 285 stored in the storage 28
and the vehicle location. Moreover, when the user sets a
destination, the navigation part 20a derives a route leading to
the destination from the location of the vehicle 9 at a current
time point and then superimposes the derived route on the
map image MP.

The display controller 205 controls display on the display
25. When the vehicle-mounted apparatus 2 is connected with
the mobile apparatus 3, the display controller 205 displays the
map image MP generated by the navigation part 20a and the
augmented reality image AP transmitted from the mobile
apparatus 3, side by side on the same screen of the display 25.
(Refer to FIG. 2.) Moreover, when the vehicle-mounted appa-
ratus 2 is not connected with the mobile apparatus 3, the
display controller 205 displays the map image MP on an
entire screen of the display 25.

Meanwhile, the mobile apparatus 3 includes a controller
30, a network communication part 31, the camera 32, a GPS
part 33, an azimuth sensor 34, the display 35, an inter-appa-
ratus communication part 36, an image transmitter 37, and the
storage 38. The controller 30 includes a CPU, a RAM, a
ROM, etc. and is a microcomputer that controls an entirety of
the mobile apparatus 3.
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The network communication part 31 has a function of
connecting to the network 8 in a predetermined wireless
communication method, such as 3G, WiMAX and LTE.
Therefore, the network communication part 31 is capable of
transmitting and receiving data to/from another communica-
tion apparatus such as the server apparatus 4, via the network
8. The network communication part 31 receives the posted
data posted to the SNS, from the server apparatus 4 that
provides the SNS.

The camera 32 includes a lens and an image sensor, and
electronically generates the captured image of a subject. As
mentioned above, the optical axis of the lens of the camera 32
faces the front direction of the vehicle 9. Therefore, the cam-
era 32 generates the captured image of the subject in the front
of the vehicle 9 viewed from the cabin of the vehicle 9.

The GPS part 33 obtains the location of the mobile appa-
ratus 3 at a current time point by receiving the signals from the
GPS satellites. Since the mobile apparatus 3 is used in the
vehicle 9 as a part of the display system 10, the GPS part 33
actually obtains the vehicle location that is the location of the
vehicle 9 at a current time point. The vehicle location is
represented in a longitude and a latitude.

The azimuth sensor 34 obtains an azimuth of a direction of
the optical axis of the camera 32, based on earth magnetism,
etc. Since the optical axis of the camera 32 faces the front
direction of the vehicle 9, the azimuth sensor 34 obtains
actually an azimuth of the front direction of the vehicle9 at a
current time point.

The display 35 includes, for example, a liquid crystal panel
and displays a variety of information. Moreover, the display
35 includes atouch panel and receives auser operation. When
the user touches the display 35 serving as the touch panel, the
controller 30 determines a content of the user operation based
on a coordinate of a point which the user has touched.

The inter-apparatus communication part 36 transmits and
receives data to/from the vehicle-mounted apparatus 2 via the
signal cable 11 in the predetermined communication method.
The inter-apparatus communication part 36 receives the guid-
ing information from the vehicle-mounted apparatus 2.

The image transmitter 37 transmits the video signal to the
vehicle-mounted apparatus 2 via the signal cable 11. The
image transmitter 37 converts the augmented reality image
AP generated continuously by the mobile apparatus 3, to the
frame of the video signal of a predetermined format, such as
NTSC, and then transmits the converted video signal to the
vehicle-mounted apparatus 2.

The storage 38 is, for example, a nonvolatile memory such
as a flash memory, and stores a variety of information. The
storage 38 stores a program 38a for an application and a
setting parameter 385 used for the application. The CPU in
the controller 30 implements an arithmetic processing in
accordance with the program 38a stored in the storage 38.
Thus various functions of the application are implemented in
the controller 30 by software. Such a program 38a is obtained
by reading from a non-transitory computer-readable record-
ing medium that stores the program 384 or by communication
via the network 8 or in other methods, and is stored in the
storage 38 beforehand.

A camera controller 30qa, a location obtaining part 305, a
direction obtaining part 30c, a guiding information obtaining
part 304, a posted data set obtaining part 30e, an image
generator 307, an image transmission controller 30g, a display
controller 30/, and an operation responding part 30i, illus-
trated in FIG. 3, are functions of the application implemented
by software when the program 38aq is executed.

The camera controller 30a controls the camera 32 to
repeatedly obtain the captured image that shows the real view
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of the front of the vehicle 9, in a predetermine cycle (e.g. Y30
sec.). The location obtaining part 305 controls the GPS part
33 to obtain the vehicle location of the vehicle 9 at a current
time point. The direction obtaining part 30¢ controls the azi-
muth sensor 34 to obtain an azimuth of the optical axis of the
camera 32, in other words, the azimuth of the front direction
of the vehicle 9 at a current time point.

The guiding information obtaining part 304 controls the
inter-apparatus communication part 36 to transmit a com-
mand signal to the vehicle-mounted apparatus 2 and to obtain
the guiding information transmitted from the vehicle-
mounted apparatus 2 in response to the command signal.
Moreover, the posted data set obtaining part 30e controls the
network communication part 31 to transmit a command sig-
nal to the server apparatus 4 and to obtain the posted data set
transmitted from the server apparatus 4 in response to the
command signal.

The image generator 301 generates the augmented reality
image AP by superimposing the guiding information and the
information such as the icon based on the posted data set, on
the captured image obtained by the camera controller 30a.
The image generator 301 repeatedly generates the augmented
reality image AP in a cycle (e.g. Y50 sec.) same as a cycle in
which the captured image is obtained.

The image transmission controller 30g controls the image
transmitter 37 to transmit to the vehicle-mounted apparatus 2
the video signal that continuously includes the augmented
reality image AP generated by the image generator 30/

The display controller 30/ controls the display 35 to dis-
play the posted content of the posted data set and the opera-
tion button 51 that receives the user operation, and the like, on
the display 35. Furthermore, when the user touches the dis-
play 35 serving as the touch panel, the operation responding
part 30i determines the content of the user operation and
implements a process in accordance with the content of the
user operation. The operation responding part 30i, for
example, sets the setting parameter 386 in accordance with
the user operation.

<3. SNS Outline>

Next explained is an outline of the social networking ser-
vice (SNS) provided by the server apparatus 4. The SNS is a
service for enhancing and supporting communications
among users of the Internet. Twitter (registered trademark)
and foursquare (registered trademark) are examples of the
SNS.

FIG. 4 illustrates the outline of the SNS. In an explanation
below, terms used in Twitter are arbitrarily indicated in paren-
thesis for convenience.

Each user of the SNS can post to the server apparatus 4 the
posted data set (tweet) including the posted content config-
ured by a relatively short text-based message, using the com-
munication terminal 81 that the user owns. Such posted data
sets are accumulated in the server apparatus 4. The posted
content of the posted data set can include a hashtag in a form
of “#tag name” generated by combining a predetermined
code (e.g. #) with a tag name. The hashtag provides a particu-
lar attribution to the posted data set.

Moreover, when the communication terminal 81 that is
used for posting includes a function of obtaining location
information, such as GPS, it is possible that the posted data set
includes the location information indicating a location at
which the posted data set has been posted. Furthermore, when
the communication terminal 81 that is used for posting
includes a function of obtaining an image, such as a camera
function, it is possible to attach an obtained image to the
posted data set.
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Each user of the SNS can see the posted contents of the
posted data sets accumulated in the server apparatus 4, by
using the communication terminal 81 that the user owns.
Generally, the user can see the posted contents of the posted
data sets of another designated (following) user. In addition,
the user can cause the communication terminal 81 to obtain
the posted data set that satisfies a specific obtaining condition,
for example, a posted data set including a designated keyword
or a designated hashtag, and can see the posted content of the
obtained posted data set. The mobile apparatus 3 in this
embodiment can be used as the communication terminal 81
for such a SNS.

In an example illustrated in FIG. 4, while users A, Band C
are posting posted data sets to the server apparatus 4, a user D
is seeing the posted data sets accumulated in the server appa-
ratus 4. Naturally, the users A to C can see the posted data sets,
and the user D can post a posted data set.

In such a way, the posted data sets are posted by users at
various locations to the server apparatus 4 any time, and the
posted data sets relating to the various locations are accumu-
lated. Generally, the posted content of the posted data set is
timely information of a location where the posted data set has
been posted.

FIG. 5 illustrates an example of one posted data set TR that
is accumulated in the server apparatus 4. As illustrated in FIG.
5, the posted data set TR includes information such as “posted
data ID,” “writer,” “posted date and time,” “posted content,”
“posted location,” “attached image,” etc.

The “posted data ID” is identification information foriden-
tifying the posted data set TR. The “writer” is a user who has
posted the posted data set TR. The “posted date and time” is
a date and time when the posted data set TR has been posted.
The “posted content™ is a text-based message that indicates a
concrete posted content of the posted data set TR. The hashtag
is arbitrarily included in “posted content.”

Moreover, the “posted location” is location information
where the posted data set TR has been posted. The “posted
location” is represented in a longitude and a latitude. The
“attached image” is an address of an image attached to the
posted data set TR.

The mobile apparatus 3 of the display system 10 obtains,
from the server apparatus 4, the posted data set posted in the
vicinity of the vehicle 9 among the posted data sets accumu-
lated in the server apparatus 4 as described above. Then the
mobile apparatus 3 generates the augmented reality image AP
that shows the posted location of the obtained posted data set.

<4. Augmented Reality Image>

Next explained is the augmented reality image AP gener-
ated by the mobile apparatus 3 and displayed on the vehicle-
mounted apparatus 2. FIG. 6 illustrates an example of the
augmented reality image AP. As described above, the image
generator 30f of the mobile apparatus 3 generates the aug-
mented reality image AP by superimposing information
based on the guiding information and on the posted data set on
a captured image SP that shows the real view of the front of
the vehicle 9.

As illustrated in FIG. 6, the augmented reality image AP
includes a turn direction guidance TD, a destination direction
guidance GD, and a destination icon GA, as the information
based on the guiding information. Among the guidances and
the icon, each of the turn direction guidance TD and the
destination direction guidance GD is disposed at a fixed posi-
tion in a top portion of the augmented reality image AP. On the
other hand, the destination icon GA is disposed in the aug-
mented reality image AP in accordance with the destination
location.
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The turn direction guidance TD indicates the turn direction
at the next guidance point and the distance to the next guid-
ance point. Moreover, the destination direction guidance GD
indicates a direction of the destination relative to the front
direction of the vehicle 9. The destination direction guidance
GD is generated based on the azimuth of the front direction of
the vehicle 9 obtained by the direction obtaining part 30c¢ and
on the destination location included in the guiding informa-
tion.

Furthermore, the destination icon GA is a pin-shaped icon
and indicates the destination location in the real view shown
by the captured image SR The destination icon GA is indi-
cated in the augmented reality image AP only when the des-
tination location is included in an objective capturing range of
the camera 32.

A position of the destination icon GA in a lateral direction
in the augmented reality image AP is determined based on the
azimuth of the front direction of the vehicle 9 obtained by the
direction obtaining part 30¢ and on the destination location
included in the guiding information. As an angle between the
front direction of the vehicle 9 and a direction of the destina-
tion viewed from the vehicle location is greater, the destina-
tion icon GA is indicated farther from a center in the lateral
direction in the augmented reality image AR In the example
illustrated in FIG. 6, a direction from the vehicle location to
the destination is slightly right relative to the front direction of
the vehicle 9. The user can instinctively understand the direc-
tion of the destination viewed from the vehicle 9, based on the
destination icon GA indicated in the real view as described
above.

In addition, the augmented reality image AP includes a post
icon TA as information based on the posted data set. The post
icon TA is a balloon-shaped icon and indicates the posted
location of the posted data set in the real view shown by the
captured image SP.

FIG. 7 illustrates the posted locations of the posted data
sets posted in the vicinity of the vehicle 9. FIG. 7 shows
posted locations of posted data sets t1 to t4 relative to a
vehicle location PO of the vehicle 9 in a planar view. An arrow
AD indicates the front direction of the vehicle 9.

When the augmented reality image AP is generated, the
posted data set obtaining part 30e obtains the posted data sets
from the server apparatus 4. The posted data set obtaining part
30e¢ obtains, for example, up to latest 100 posted data sets that
satisfy an obtaining condition that a distance from the vehicle
location PO to the posted location is less than a predetermined
first distance [.1. A condition that the posted data set includes
a specific hashtag may be added to the obtaining condition on
which the posted data set obtaining part 30e obtains the
posted data sets.

Thus, the posted data set obtaining part 30e obtains only
the posted data sets t1 to t3 posted in a range Al having a
radius L1 from the vehicle location P0, and does not obtain
the posted data sets t4 posted outside the range Al. The first
distance [.1 is one of the user-settable setting parameters 385,
and is set in a range, for example, from 100 m to 20 km.
(Details will be described later.)

Among the posted data sets t1 to t3 obtained as mentioned
above, the image generator 30f superimposes only the post
icon TA for the posted data set if the distance from the vehicle
location PO to the posted location is greater than a predeter-
mined second distance 1.2, on the captured image SP. There-
fore, the post icons TA for the posted data sets t1 posted in a
second range A2 having the radius [.2 from the vehicle loca-
tion PO, are not included in the augmented reality image AP.
The second distance L2 is set, for example, to 5 m.
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A location relation between the vehicle location and the
posted location of each of the posted data sets t1 posted very
close to the vehicle 9 is easily changed. Therefore, if the post
icons TA for the posted data sets t1 are included in the aug-
mented reality image AP, positions of the post icons TA often
change greatly in the augmented reality image AR Thus, the
user notices the changes of the displayed positions of the post
icons TA as flickers. As a result, visibility of the augmented
reality image AP is deteriorated. Therefore, by excluding
such a post icon TA for the posted data set t1 from superim-
posed objectives, the post icon TA can be smoothly displayed
and the visibility of the augmented reality image AP can be
improved.

As described above, the post icons TA for the posted data
sets 12 and t3 are to be superimposed by the image generator
30f'on the captured image SP because the distances from the
vehicle location PO to the posted locations of the posted data
sets t2 and t3 are greater than the second distance [.2 and less
than the first distance L.1. The image generator 30f superim-
poses actually on the captured image SP, the post icons TA for
the posted data sets 12, among the posted data sets t2 and 3, of
which posted locations are located in an objective capturing
range A3 of the camera 32.

The objective capturing range A3 of the camera 32 is a
range within an angle of view 6 of the camera 32, of which a
center line is the front direction of the vehicle 9 (i.e. the
optical axis of the camera 32). The angle of view 0 is, for
example, 30 degrees. In other words, the objective capturing
range A3 of the camera 32 is a range of a subject shown as an
image in the captured image SP.

In a case of FIG. 7, the post icons TA for three posted data
sets t2 included in the range A3 are superimposed on the
captured image SR When the vehicle 9 turns (the front direc-
tion ofthe vehicle 9 is changed), the objective capturing range
A3 of the camera 32 is changed. Accordingly, the posted data
set of the post icon TA to be superimposed on the captured
image SP is also changed.

A position of the post icon TA in the lateral direction in the
augmented reality image AP is determined based on the azi-
muth of the front direction of the vehicle 9 obtained by the
direction obtaining part 30¢ and on the posted location of the
posted data set. When the posted location is located on a left
side relative to the front direction of the vehicle 9, the post
icon TA is indicated on a left side relative to a center in the
lateral direction in the augmented reality image AP. When the
posted location is located on a right side relative to the front
direction of the vehicle 9, the post icon TA is indicated on a
right side relative to the center in the lateral direction in the
augmented reality image AP. Moreover, as an angle between
the front direction of the vehicle 9 and a direction of the
posted location from the vehicle location is greater, the post
icon TA is indicated at a location further from the center in the
lateral direction in the augmented reality image AP.

Thus, as shown in FIG. 6, the post icon TA is indicated at a
position corresponding to the posted location of the posted
data set in the real view in the augmented reality image AP.
When seeing the augmented reality image AP, the user can
instinctively understand the posted location of the posted data
set posted in the vicinity of the vehicle 9, based on the post
icon TA indicated in the real view as mentioned above.

Moreover, a position of the post icon TA in a vertical
direction (position of a lower end portion) in the augmented
reality image AP is determined based on a standard line SL,
that is a standard for positioning in the vertical direction and
on a distance from the vehicle location to the posted location.
InFIG. 6, the standard line SL is indicated by a dashed line for
convenience in explanation. However, such a line is not actu-
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ally included in the augmented reality image AP. The standard
line SL is one of the user-settable setting parameters 385.
(Details are described later.) The position of the destination
icon GA in the vertical direction (position of a lower end
portion) is also determined based on the standard line SL.

As the distance from the vehicle location to the posted
location of the posted data set is greater, the post icon TA for
the posted data set is indicated at a position higher from the
standard line SL in the augmented reality image AR FIG. 8
illustrates a relation between a distance (km) from the vehicle
location to the posted location and an off-set amount (pixel)
that is a shift amount of the position of the post icon TA from
the standard line SL. As illustrated in FIG. 8, the position of
the post icon TA shifts upward by 5 pixels for each kilometer
of the distance from the vehicle location to the posted loca-
tion. In such a way, visibility is secured even when a plurality
of the post icons TA are overlapped one another.

Moreover, a size of the post icon TA displayed in the
augmented reality image AP is determined based on the dis-
tance from the vehicle location to the posted location. As the
posted data set has a greater distance from the vehicle location
to the posted location, the displayed size of the post icon TA
for the posted data set is made smaller. FIG. 9 illustrates a
relation between the distance (km) from the vehicle location
to the posted location and a displayed size (pixel) of one side
of'the posticon TA. Asillustrated in FI1G. 9, the displayed size
of the post icon TA is made smaller linearly, in accordance
with the distance from the vehicle location to the posted
location. Thus, the displayed size of the post icon TA for the
posted data set posted at a location far from the vehicle 9
becomes relatively small. Therefore, perspective can be given
to the post icon TA in the augmented reality image AP. As a
result, the user who sees the augmented reality image AP can
instinctively understand the distance to the posted location of
the posted data set.

Moreover, if there are a plurality of the post icons TA to be
superimposed on the captured image SP, the image generator
30f'superimposes the post icons TA for the posted data sets in
a z order (order of layers) such that the post icon TA for a
posted data set that is closer to the vehicle location is in front
of'the icon for a posted data set that is farther from the vehicle
location. (Refer to FIG. 6.) Thus, since the post icons TA for
the posted data sets posted at locations closer to the vehicle 9
are shown more in front, it is easier for the user who sees the
augmented reality image AP to understand the posted data
sets posted at locations close to the vehicle 9. Moreover, if
there are the posted data sets that have a same distance from
the vehicle location to the posted locations, the image gen-
erator 30 may superimpose the post icons TA for the posted
data sets in the z order such that the icon for a posted data set
having less elapsed time from a posted time point to a current
time point is in front of the icon for a posted data set having
more elapsed time from the posted time point to the current
time point.

However, the image generator 30f may superimpose the
posted data sets, regardless of the distance from the vehicle
location to the posted location in a z order such that the icon
for a posted data set having less elapsed time from the posted
time point to the current time point is in front of the icon for
a posted data set having more elapsed time from the posted
time point to the current time point. Thus, the post icons TA
for newer posted data sets are displayed more in front in the
augmented reality image AP. Therefore, it becomes easier for
the user who sees the augmented reality image AP to under-
stand a newest posted data set.
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<5. Display on Mobile Apparatus>

Next, a displayed content on the display 35 of the mobile
apparatus 3 is explained. FIG. 10 illustrates an example dis-
played on the display 35 of the mobile apparatus 3.

The display 35 of the mobile apparatus 3 displays the
window 50 that shows the posted content of the posted data
set by a control of the display controller 30/. A concrete
posted content of one posted data set obtained by the posted
data set obtaining part 30e is displayed on the window 50. By
seeing the display 35 of the mobile apparatus 3, the user can
understand the posted content of the posted data set.

Moreover, not being included in the augmented reality
image AP, such a posted content of the posted data set is not
displayed on the vehicle-mounted apparatus 2. Therefore,
when the posted content of the posted data set is provided to
the user, the display of the augmented reality image AP on the
vehicle-mounted apparatus 2 which the driver of the vehicle 9
mainly sees is not interfered.

If there are a plurality of the posted data sets obtained by
the posted data set obtaining part 30e, the display 35 prefer-
entially displays the posted content of the posted data set
having a smaller distance from the vehicle location to the
posted location, by the control of the display controller 30/.

The display 35 of the mobile apparatus 3 first displays the
posted content of the posted data set posted at a location
closest to the vehicle 9. Then when the user touches a lower
button 505 that is an operation button attached to the window
50, the display 35 displays a posted content of a posted data
set posted at a location next closest to the vehicle 9. Thus, the
user of the mobile apparatus 3 can see the posted contents of
the posted data sets in an ascending order of the distance from
the vehicle location to the posted location. Therefore, the user
of'the mobile apparatus 3 can easily see the posted content of
the posted data set posted at a location close to the vehicle 9
by few operations. If there are the posted data sets that have a
same distance from the vehicle location to the posted loca-
tions, the display 35 may preferentially display the posted
content of the posted data set having less elapsed time from
the posted time point to the current time point.

However, the display 35 may preferentially display the
posted contents of the posted data sets having less elapsed
time from the posted time points to the current time point,
regardless of the distance from the vehicle location to the
posted location. Thus, the user of the mobile apparatus 3 can
easily see the posted content of a new posted data set with
fewer operations.

Moreover, the post icon TA corresponding to the posted
data set of which the posted content is being displayed on the
mobile apparatus 3 may be displayed in a style different from
a style of other post icons TA in the augmented reality image
AP. Thus, the user can instinctively understand the posted
location of the posted data set of which the posted content is
being displayed on the mobile apparatus 3.

An upper button 50¢ and a location determination button
50a are further attached to the window 50, as operation but-
tons that receive user operations. When the user touches the
upper button 50c, the posted content of the posted data set is
displayed on the window 50 in an order opposite to the order
in which the posted content is displayed when the user
touches the lower button 505. Moreover, when the user
touches the location determination button 504 indicating “Go
there,” the posted location of an applicable posted data set is
transmitted to another application such as a map application.
Thus, the user can confirm the posted location of the posted
data set, using the application such as a map application.
Moreover, it may be designed that the posted location of the
posted data set is transmitted to the vehicle-mounted appara-
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tus 2, and then the posted location of the posted data set is set
as a destination to the navigation function of the vehicle-
mounted apparatus 2, when the user touches the location
determination button 504.

The display 35 of the mobile apparatus 3 displays an update
button 51a, a motion picture capturing button 515, a motion
picture playback button Slc, a posting button 514, and a
setting button 51e, in addition to the window 50, as operation
buttons that receive user operations relating to a content of the
augmented reality image AP, by the control of the display
controller 30%. Being not included in the augmented reality
image AP, such operation buttons are not displayed on
vehicle-mounted apparatus 2. Therefore, since the display of
these operation buttons does not interfere with display of the
augmented reality image AP on the vehicle-mounted appara-
tus 2, the user (mainly the driver of the vehicle 9) who sees the
vehicle-mounted apparatus 2 can fully understand situations
and the like in the vicinity of the vehicle 9.

When the user touches the update button 51a, the posted
data set obtaining part 30e updates the posted data sets. In
other words, the posted data set obtaining part 30e eliminates
obtained posted data sets and then obtains new posted data
sets that satisfy the obtaining condition, from the server appa-
ratus 4.

When the user touches the motion picture capturing button
51b, the camera 32 obtains motion picture data that shows the
front of the vehicle 9 by the control of the camera controller
30a. Moreover, when the user touches the motion picture
playback button 51¢, the motion picture data obtained by the
camera 32 is played and displayed on the display 35.

When the user touches the posting button 514, the camera
32 generates a still image that shows the front of the vehicle 9
by the control of the camera controller 30a. Then a posted
data set of which the posted content is a predetermined fixed
phrase (e.g. “I’'m here””) attached with the obtained still
image is posted to the SNS.

Furthermore, when the user touches the setting button 51e,
the display 35 displays a setting screen for setting the setting
parameter 385 by the control of the operation responding part
30i. The user can change the setting parameter 385 by an
operation made with the setting screen.

FIG. 11 illustrates the setting screen displayed on the dis-
play 35 of the mobile apparatus 3. The setting screen includes
a return button 52q, a distance setting slider 525, an update
cycle slider 52¢, and a standard line adjustment button 524.

When the user touches the return button 524, the setting
parameter 384 set on the setting screen is stored to the storage
28, and the setting parameter 385 is used for a process imple-
mented after the setting. In this case, the display 35 returns to
a state in which the posted content of the posted data set is
displayed. (Refer to FIG. 10.)

The distance setting slider 525 is used to set the first dis-
tance L1 that is a limit of the distance from the vehicle
location to the posted location within which the posted data
set is obtained. The user can set the first distance .1 within a
range from 100 m to 20 km by moving a knob of the distance
setting slider 524.

As described above, the user can set the first distance L1.
Thus, the user can adjust the posted data set displayed as the
post icon TA in the augmented reality image AP, depending
ona traveling speed, a traveling area, etc. of the vehicle 9. For
example, when the vehicle 9 travels on a highway, etc and
when the vehicle speed of the vehicle 9 is relatively high, the
user tends to pay more attention to the posted data set posted
at alocation distant from the vehicle 9 than the posted data set
posted in a location close to the vehicle 9. Therefore, in this
case, the post icon TA for the posted data set posted in the
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location distant from the vehicle 9 can be displayed by
increasing the first distance L1.

The update cycle slider 52¢ is used to set an updating cycle
in which the posted data set obtaining part 30e updates the
posted data sets. The user can set the updating cycle in a range
from 1 minute to 10 minutes by moving a knob of the update
cycle slider 52c¢.

Moreover, when the user touches the standard line adjust-
ment button 52d, the display 35 displays a line adjustment
screen for setting the standard line SL, by the control of the
operation responding part 30i. As described above, the stan-
dard line SL serves as the standard for the position in the
vertical direction used when the post icon TA and the desti-
nation icon GA are superimposed on the captured image SP.

FIG. 12 illustrates the display 35 of the mobile apparatus 3
showing the line adjustment screen. The line adjustment
screen includes a return button 53« and a line adjustment
slider 534.

When the user touches the return button 534, a position of
the standard line SL set on the line adjustment screen is stored
to the storage 28 and the set standard line SL is used for a
process implemented after the setting. In this case, the display
35 returns to a state in which the setting screen is displayed.
(Refer to FIG. 11.)

The line adjustment slider 535 is used to set the standard
line SL. The line adjustment screen includes the captured
image SP that shows the real view of the front of the vehicle
9. The user can move up and down a guiding line GL that
moves in conjunction with the knob of the line adjustment
slider 535, by moving the knob up and down. A position of the
guiding line GL is set as a position of the standard line SL.
Referring to the captured image SP, the user sets the standard
line SL to a horizon line of the real view shown by the
captured image SP.

The horizontal line in the captured image SP changes
depending on a height or a lean of the mobile apparatus 3 fixed
by the holder 12. When a position of the standard line SL is
greatly different from a position of the horizontal line in the
captured image SP, the posticon TA, the destination icon GA,
etc. are displayed at unnatural positions in the real view.

For example, as shown in a left drawing in FIG. 13, when
the standard line SL is placed lower than the horizontal line in
the captured image SP, the augmented reality image AP gives
an impression that the post icon TA and the destination icon
GA are buried in the ground. Therefore, by moving and plac-
ing the standard line SL to substantially fit on the horizontal
line in the captured image SP, as shown in a right drawing in
FIG. 13, the post icon TA and the destination icon GA in the
augmented reality image AP can be shown at natural positions
in the real view.

As described above, since it is possible to set the standard
line SL that is the standard for the positioning in the vertical
direction used to superimpose the post icon TA and the des-
tination icon GA, the post icon TA and the destination icon
GA can be placed in easy-to-see positions regardless of the
height or the lean of the mobile apparatus 3 fixed to the
vehicle 9.

<6. Flow of Process>

Next, flowcharts of processes in the display system 10 are
explained. FIG. 14 illustrates the flowcharts of the basic pro-
cesses implemented in the display system 10. A left drawing
in FIG. 14 illustrates a process implemented in the mobile
apparatus 3, and a right drawing in FIG. 14 illustrates a
process implemented in the vehicle-mounted apparatus 2. At
starting points of the processes, the vehicle-mounted appara-
tus 2 and the mobile apparatus 3 have completed initial pro-
cesses for communications and can operate, being connected



US 9,197,863 B2

15

with one another. Moreover, a destination is set to the vehicle-
mounted apparatus 2, and a route leading to the destination
has been derived. The processes shown in FIG. 14 are
repeated in a predetermine cycle (e.g. Y30 sec.).

First, the process implemented in the mobile apparatus 3 is
explained. The camera controller 30a of the mobile apparatus
3 controls the camera 32 to obtain the captured image that
shows the real view of the front of the vehicle 9 (a step S11).

Next, the location obtaining part 306 controls the GPS part
33 to obtain the vehicle location of the vehicle 9 at a current
time point (a step S12). The location obtaining part 305 may
obtain the vehicle location obtained by the GPS part 23 in the
vehicle-mounted apparatus 2, from the vehicle-mounted
apparatus 2 via the inter-apparatus communication part 36.

Next, the direction obtaining part 30c¢ controls the azimuth
sensor 34 to obtain a direction of the optical axis of the camera
32, i.e. the front direction of the vehicle 9 at the current point
as a vehicle direction (a step S13). The direction obtaining
part 30¢ may obtain the front direction of the vehicle 9
obtained by the azimuth sensor 24 in the vehicle-mounted
apparatus 2, as the direction of the optical axis of the camera
32, from the vehicle-mounted apparatus 2 via the inter-appa-
ratus communication part 36.

Next, the guiding information obtaining part 304 controls
the inter-apparatus communication part 36 to obtain the guid-
ing information relating to the navigation function from the
vehicle-mounted apparatus 2 (a step S14). The guiding infor-
mation obtaining part 304 transmits the command signal to
the vehicle-mounted apparatus 2 via the inter-apparatus com-
munication part 36, and obtains the guiding information
transmitted from the vehicle-mounted apparatus 2 in
response to the command signal. The guiding information
includes the destination location, the turn direction at a next
guidance point, the distance to the next guidance point, etc.

Next, the posted data set obtaining part 30¢ determines
whether or not an update condition is satisfied, for example,
whether or not a time period equivalent to one update cycle
has passed from a time point at which the posted data set
obtaining part 30e has obtained a previous posted data set, or
whether or not the user has touched the update button 51a (a
step S15). When the update condition is not satisfied, the
process moves to a step S17.

When the update condition is satisfied (Yes in the step
S15), the posted data set obtaining part 30e controls the
network communication part 31 to transmit the command
signal to the server apparatus 4 and obtains the posted data
sets transmitted from the server apparatus 4 in response to the
command signal (a step S16). The posted data set obtaining
part 30e obtains, for example, 100 latest posted data sets that
satisfy an obtaining condition that a distance from the vehicle
location to the posted location is less than the first distance
L1.

Next, the image generator 30f generates the augmented
reality image AP, using the captured image SP and the variety
of information obtained in the steps S11 to S16 (a step S17).
The image generator 30f superimposes the turn direction
guidance TD, the destination direction guidance GD, and the
destination icon GA on the captured image SP, based on the
guiding information, the vehicle location, and the vehicle
direction. Moreover, the image generator 30f superimposes
the post icon TA on the captured image SP, based on the
posted data set, the vehicle location, and the vehicle direction.
Thus, the image generator 30f generates the augmented real-
ity image AP in which the turn direction guidance TD, the
destination direction guidance GD, the destination icon GA,
and the post icon TA are added to the captured image SP that
shows the real view.
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Next, the image transmission controller 30g controls the
image transmitter 37 to transmit the augmented reality image
AP generated by the image generator 30f'as one frame of the
video signal, to the vehicle-mounted apparatus 2 (a step S18).

Next, the display controller 30/ controls the display 35 to
display the posted content of the posted data set on the display
35 (a step S19). The display controller 30/ preferentially
displays the posted content of the posted data set having a
smaller distance from the vehicle location to the posted loca-
tion.

Next, the process implanted in the vehicle-mounted appa-
ratus 2 is explained. First, the navigation part 20a of the
vehicle-mounted apparatus 2 updates the guiding information
relating to the navigation function. The navigation part 20a
updates the guiding information to latest information based
on the vehicle location obtained by the GPS part 23, the front
direction of the vehicle 9 obtained by the azimuth sensor 24,
the route, etc. (a step S21).

Next, the navigation part 20a generates the map image MP
that shows a map, having the updated guiding information, of
the vicinity of the vehicle 9. The display controller 205 dis-
plays the map image MP generated by the navigation part 20a
as mentioned above on one side (left side) of the screen of the
display 25 (a step S22).

Moreover, the navigation part 20a controls the inter-appa-
ratus communication part 26 to transmit the latest guiding
information to the mobile apparatus 3 in response to the
command signal demanding the guiding information trans-
mitted from the mobile apparatus 3 (a step S23).

In addition, the image receiver 27 receives the video signal
including the augmented reality image AP from the mobile
apparatus 3 (a step S24). The display controller 204 displays
the augmented reality image AP included in the video signal
on the other side (right side) of the display 25 (a step S25).

Thus, the vehicle-mounted apparatus 2 displays the aug-
mented reality image AP generated by superimposing the
post icon TA representing the posted data set posted in the
objective capturing range of the camera 32 that has generated
the captured image SP, on the captured image SP that shows
the real view of the vicinity of the vehicle 9. Therefore, the
user who sees the vehicle-mounted apparatus 2 can instinc-
tively understand the posted location of the posted data set.
The map image MP and the augmented reality image AP are
displayed side by side on the same screen of the display 25.
(Refer to FIG. 2.)

<7. Mobile Apparatus being Disconnected>

The explanation described above explains a case where the
vehicle-mounted apparatus 2 and the mobile apparatus 3
operate, being connected with one another. However, even
when being not connected with the vehicle-mounted appara-
tus 2, the mobile apparatus 3 generates the augmented reality
image AP. When the mobile apparatus 3 is disconnected with
the vehicle-mounted apparatus 2, the augmented reality
image AP is displayed on the display 35.

FIG. 15 illustrates an example screen displayed on the
display 35 of the mobile apparatus 3 being disconnected with
the vehicle-mounted apparatus 2. In this case, the augmented
reality image AP is displayed on the display 35.

Since the mobile apparatus 3 cannot obtain the guiding
information from the vehicle-mounted apparatus 2 when
being disconnected, the augmented reality image AP does not
include the turn direction guidance TD, the destination direc-
tion guidance GD and the destination icon GA. On the other
hand, even when the mobile apparatus 3 is disconnected with
the vehicle-mounted apparatus 2, the augmented reality
image AP includes the post icon TA showing the posted
location of the posted data set. The post icon TA is superim-
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posed on the captured image SP in a process similar to the
process implemented when the mobile apparatus 3 is con-
nected with the vehicle-mounted apparatus 2, as described
above. The user can instinctively understand the posted loca-
tion of the posted data set by seeing such an augmented reality
image AR

Moreover, the display 35 displays a menu button 54a, an
update button 545, a motion picture capturing button 54¢, and
a posting button 54d, in addition to the augmented reality
image AR Function of the update button 544, the motion
picture capturing button 54¢, and the posting button 544 are
the same as the functions of the update button 514, the motion
picture capturing button 515, and the posting button 514 used
when the mobile apparatus 3 is connected with the vehicle-
mounted apparatus 2, as described above.

When the user touches the menu button 54a, the display 35
displays a menu screen that receives various operations. The
user can, for example, set the setting parameter 385 and give
an instruction such as playback of the motion picture data, by
the operation made with the menu screen. The setting param-
eter 385 such as the first distance L1 and the standard line SL
can be set in the same way as when the mobile apparatus 3 is
connected with the vehicle-mounted apparatus 2 as described
above.

Moreover, the post icon TA included in the augmented
reality image AP is also capable of receiving a user operation.
When the user touches the post icon TA, the display 35
displays a window 55 that indicates the posted content of the
posted data set in the augmented reality image AP, in front, as
illustrated in FI1G. 16. Thus, the user of the mobile apparatus
3 can see the posted content of the posted data set. In this case
also the posted content of the posted data set having a smaller
distance from the vehicle location (the location of the mobile
apparatus 3 at a current time point) to the posted location is
preferentially displayed on the display 35.

<8. Modification>

The embodiment of the invention is described above. The
invention is not limited to the embodiment described above,
but various modifications are possible. Hereinafter, examples
of such a modification will be described. All embodiments
including the embodiments described above and below can be
arbitrarily combined.

In the aforementioned embodiment, the vehicle-mounted
apparatus 2 is connected to the mobile apparatus 3 via the
signal cable 11, and receives and transmits the data signal and
the video signal from/to the mobile apparatus 3 via wire
communication. On the other hand, the data signal and the
video signal may be communicated between the apparatuses
via wireless communications.

Moreover, in the aforementioned embodiment, the aug-
mented reality image AP includes the destination icon GA
showing the location of the destination being set at a current
time point. In addition, the augmented reality image AP may
include a history icon that shows a destination set in the past.

Furthermore, in the aforementioned embodiment, the
image generator 30f superimposes the post icon TA for the
posted data set t2 of which the posted location is included in
the range of the angle of view 6 of the camera 32, on the
captured image SP. However, the image generator 30f may
superimpose the post icon TA for the posted data set t2 of
which the posted location in a range slightly wider than the
angle of view 6 of the camera 32 (e.g. wider by 5 degrees to
right and left sides), on the captured image SP. Thus, the post
icon TA for the posted data set posted at a location corre-
sponding to an area close to a left edge and a right edge of the
captured image SP, can be smoothly displayed.
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In addition, in the aforementioned embodiment, the optical
axis of the camera 32 faces the front direction of the vehicle 9.
However the optical axis of the camera 32 may face a direc-
tion other than the front direction, for example, a side direc-
tion or a rear direction of the vehicle 9. When the optical axis
of the camera 32 faces the rear direction, the augmented
reality image AP can indicate the posted location of the posted
data set in a rear real view of the vehicle 9.

Moreover, traveling information relating to travel of the
vehicle 9 may be transmitted from the vehicle-mounted appa-
ratus 2 to the mobile apparatus 3, and the posted content of the
posted data set and one or more of the operation buttons may
not be displayed on the mobile apparatus 3 during traveling of
the vehicle 9.

Furthermore, the display 25 of the vehicle-mounted appa-
ratus 2 may include a touch panel and may be capable of
receiving a user operation. In addition, in the aforementioned
embodiment, the command buttons that receive a user opera-
tion relating to the content of the augmented reality image AP
are not included in the augmented reality image AP and are
not displayed on the vehicle-mounted apparatus 2. However,
a part of such command buttons may be displayed on the
vehicle-mounted apparatus 2. In this case, the command but-
tons displayed on the mobile apparatus 3 may not be dis-
played on the vehicle-mounted apparatus 2. Thus the screen
of the display 25 of the vehicle-mounted apparatus 2 can be
utilized effectively.

In the aforementioned embodiment, a part or all of the
camera controller 30qa, the location obtaining part 305, the
direction obtaining part 30c¢, the guiding information obtain-
ing part 30d, the posted data set obtaining part 30; the image
generator 30f; the image transmission controller 30g, the
display controller 30/, and the operation responding part 307
all of which are explained as application functions of the
mobile apparatus 3, may be functions of the vehicle-mounted
apparatus 2.

Further, the aforementioned embodiment explains that the
various functions are implemented by software by imple-
menting the arithmetic processing of CPU in accordance with
the program. However, a part of the functions may be imple-
mented by an electrical hardware circuit.

While the invention has been shown and described in
detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
other modifications and variations can be devised without
departing from the scope of the invention.

What is claimed is:

1. A display system that includes a vehicle-mounted appa-
ratus for being mounted on a vehicle and a portable mobile
apparatus configured to communicate with the vehicle-
mounted apparatus, the display system comprising:

a camera that generates a captured image of a vicinity of the

vehicle;

a location obtaining part that obtains a vehicle location of

the vehicle;

a direction obtaining part that obtains a direction of an

optical axis of the camera;

a data obtaining part that obtains a posted data set of a

social networking service;

an image generator configured to generate an augmented

reality image by superimposing, on the captured image
generated by the camera, an icon representing the posted
data set posted in an objective capturing range of the
camera, which is an angle of view of the camera, based
on a posted location of the posted data set, the vehicle
location, and the direction of the optical axis of the
camera, the image generator superimposing the icon on
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the captured image only for the posted data set within the
angle of view of the camera and excluding from super-
imposing the icon on the captured image for any posted
data set not within the angle of view of the camera;

a display, included in the vehicle-mounted apparatus, con-
figured to display the augmented reality image; and

a line setting part that sets, in accordance with a user
operation, a standard line serving as a standard for a
position in a vertical direction for superimposing the
icon on the captured image.

2. The display system according to claim 1, wherein

the camera is included in the mobile apparatus; and

the display system further comprises

aholder that holds the mobile apparatus in the vehicle such
that the camera generates the captured image of the
vicinity of the vehicle.

3. A portable mobile apparatus configured to communicate
with a vehicle-mounted apparatus that is mounted on a
vehicle, the mobile apparatus comprising:

acamera that generates a captured image of a vicinity of the
vehicle;

a location obtaining part that obtains a vehicle location of
the vehicle;

a direction obtaining part that obtains a direction of an
optical axis of the camera;

a data obtaining part that obtains a posted data set of a
social networking service;

an image generator configured to generate an augmented
reality image by superimposing, on the captured image
generated by the camera, an icon representing the posted
data set posted in an objective capturing range of the
camera, which is an angle of view of the camera, based
on a posted location of the posted data set, the vehicle
location, and the direction of the optical axis of the
camera, the image generator superimposing the icon on
the captured image only for the posted data set within the
angle of view of the camera and excluding from super-
imposing the icon on the captured image for any posted
data set not within the angle of view of the camera;

a transmitter configured to transmit the augmented reality
image to the vehicle-mounted apparatus for display of
the augmented reality image; and

a line setting part that sets, in accordance with a user
operation, a standard line serving as a standard for a
position in a vertical direction for superimposing the
icon on the captured image.

4. The mobile apparatus according to claim 3, further com-

prising

a receiver that receives guiding information relating to
route guidance to a destination, from the vehicle-
mounted apparatus, and wherein

the generator generates the augmented reality image by
superimposing the icon and information based on the
guiding information on the captured image.

5. The mobile apparatus according to claim 3, further com-

prising

a display that displays a posted content of the posted data
set obtained by the data obtaining part, and wherein

the augmented reality image does not include the posted
content of the posted data set.

6. The mobile apparatus according to claim 5, wherein

ifthere are a plurality of the posted data sets obtained by the
data obtaining part, the display preferentially displays
the posted content of the posted data set having a smaller
distance from the vehicle location to the posted location.
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7. The mobile apparatus according to claim 5, wherein

ifthere are a plurality of the posted data sets obtained by the
data obtaining part, the display preferentially displays
the posted content of the posted data set having less time
from a posted time point to a current time point.

8. The mobile apparatus according to claim 3, wherein

the generator superimposes the icon for the posted data set
if the posted data set has a distance from the vehicle
location to the posted location that is less than a first
distance set by a user.

9. The mobile apparatus according to claim 8, wherein

the generator superimposes the icon for the posted data set
if the distance from the vehicle location to the posted
location is greater than a second distance and less than
the first distance.

10. The mobile apparatus according to claim 3, wherein

if there are a plurality of the icons to be superimposed on
the captured image, the generator superimposes the
icons for the posted data sets such that the icon for a
posted data set that is closer to the vehicle location is in
front of the icon for a posted data set that is farther from
the vehicle location.

11. The mobile apparatus according to claim 3, wherein

if there are a plurality of the icons to be superimposed on
the captured image, the generator superimposes the
icons for the posted data sets such that the icon for a
posted data set having less time from a posted time point
to a current time point is in front of the icon for a posted
data set having more time from the posted time point to
the current time point.

12. The mobile apparatus according to claim 3, further

comprising

a display that displays an operation button for receiving a
user operation relating to a content of the augmented
reality image.

13. A non-transitory computer-readable recording medium
that stores a program to be executed by a computer, the
program causing the computer to execute the steps of:

(a) generating a captured image of a vicinity of a vehicle by

a camera,

(b) obtaining a vehicle location of the vehicle;

(c) obtaining a direction of an optical axis of the camera;

(d) obtaining a posted data set of a social networking ser-
vice;

(e) generating an augmented reality image by superimpos-
ing, on the captured image generated by the camera, an
icon representing the posted data set posted in an objec-
tive capturing range of the camera, which is an angle of
view of the camera, based on a posted location of the
posted data set, the vehicle location, and the direction of
the optical axis of the camera, the superimposing includ-
ing superimposing the icon on the captured image only
for the posted data set within the angle of view of the
camera and excluding from superimposing the icon on
the captured image for any posted data set not within the
angle of view of the camera;

(D) transmitting the augmented reality image to a vehicle-
mounted apparatus that is mounted on the vehicle and
that displays the augmented reality image; and

(g) setting, in accordance with a user operation, a standard
line serving as a standard for a position in a vertical
direction for superimposing the icon on the captured
image.



